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Abstract
We show that a simultaneous explanation for fermionic mass hierarchy among and
within the fermionic families, quark-mixing, can be obtained in an extension of the
standard model, with real singlet scalar fields, which is UV completed by vector-like
fermions and a strongly interacting sector.
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1 Introduction
In a recent interview published in CERN COURIER, Steven Weinberg was asked what single
open question he would like to see answered in his lifetime, and Weinberg replied that it is only
the mystery of the observed pattern of quarks and leptons masses[1].
The fermionic mass hierarchy in the standard model (SM) is a complex problem, and can
be divided into three hierarchies. The first is the mass hierarchy among fermionic families,
i.e. mτ >> mµ >> me, mb >> ms >> md and mt >> mc >> mu. The second hierarchy is
within the family, i.e., md > mu, mc >> ms, mt >> mb, and the third hierarchy resides in the
quark-mixing angles, i.e. sin θ12 >> sin θ23 >> sin θ13.
Serious efforts have been made to solve this problem within the framework of extended
gauge or flavour symmetries[2]-[44]. For instance, a solution in Ref.[3] depends on an extended
nonabelian gauge sector and a number of scalar fields along with vector-like fermions. The
solution of Ref.[5] also depends on an extended nonabelian gauge sector, a global axial U(1)
symmetry and a number of scalar fields. Other solutions are based on extended gauge sectors
such as Pati-Salam[45] and SO(10) unification, flavor nonabelian continuous and discrete sym-
metries. Some solutions even employ all of these features, for instance see Refs.[8, 10, 13]. A
simultaneous solution of this problem within the gauge symmetry of the SM, and without any
global nonabelian continuous or discrete symmetries is a challenging problem.
In this paper, we present two different models to address this issue. In the first model, a
solution of the fermionic mass hierarchy among the three families is presented. In the second
model, we present a fermionic and scalar extension of the SM which simultaneously have a
solution of the problem of the inter- as well as intra-family mass hierarchy of the SM as well as
the small quark-mixing.
The central idea of this work comes from the observation that in the SM the mass generation
of the charged fermions of the three families is achieved by ad hoc insertion of the Yukawa
Lagrangian of dimension 4. This Lagrangian is indeed a selection in the sense that for recovering
masses of fermions one can also choose the next operator which is of dimension 5 provided the
Yukawa operator is forbidden by some symmetry.
In this paper, we propose that masses of all fermions are generated through dimension-
5 operators instead of the Yukawa Lagrangian. This selection rule also put charged fermion
masses on an equal footting with neutrino masses which are generated by the Weinberg operator
within the framework of the SM. Having chosen this selection rule, we investigate the impact
of this rule on the fermionic mass spectrum of the SM.
It turns out that for explaining the mass hierarchy among three families, atleast three real
singlet scalar fields are required. For explaining full pattern of the fermionic masses which
includes inter- as well as intra-family mass hierarchy and quark-mixing, one needs exactly six
real scalar fields. This model has its ultra-violet (UV) completion in the form of vector-like
fermions and a strongly interacting sector.
2
2 Models
We first discuss fermionic mass heirarchy among the three families in our first model. For this
purpose, we add three real singlet scalar fields k1, k2 and k3 to the SM whose transformations
under SU(3)c × SU(2)L × U(1)Y are the following1:
k1 : (1, 1, 0), k2 : (1, 1, 0), k3 : (1, 1, 0). (1)
Furthermore, we extend the symmetry of the SM by imposing discrete symmetries Z2 and
Z ′2 on the right handed fermions of each family, scalar fields k1, k2, and k3 as shown in
Table 1.
The Yukawa Lagrangian is now completely forbidden by Z2 and Z ′2 symmetries. The masses
of fermions of three families are now recovered from dimension-5 operators given by the following
equation:
Lmass = 1
Λ
[
Γ1ψ¯
1
L,qϕdR k1 + Γ2ψ¯2L,qϕsR k2 + Γ3ψ¯3L,qϕbR k3 (2)
+ Γ′1ψ¯
1
L,qϕ˜uR k1 + Γ′2ψ¯2Lϕ˜cR k2 + Γ
′
3ψ¯
3
Lϕ˜tR k3
+ Γeψ¯
1
L,lϕeR k1 + Γµψ¯2L,lϕµR k2 + Γτ ψ¯3L,lϕbR k3
]
+
c
Λ
ψ¯cL,lϕ˜
∗ϕ˜†ψ¯L,l + H.c.,
where ψ¯L,q denotes the quark-doublet, ψ¯L,l is the leptonic doublet and superscripts denote the
family number.
Fields Z2 Z ′2
uR, dR, eR + -
k1 + -
cR, sR, µR - -
k2 - -
tR, bR, τR - +
k3 - +
Table 1: The charges of right-handed fermions of three families of the SM and singlet scalar
fields under Z2 and Z ′2 symmetries. Here, superscript denotes a family number.
It is emphasized that mass hierarchy of fermionic families is a repercussion of this model.
This is because vacuum expectation values (VEVs) of the real singlet scalar fields are such that
〈 k3〉 >> 〈 k2〉 >> 〈 k1〉. This explains why top quark is so heavy and electron is so light.
1Notation is taken from the Devanagari script. The consonant letter “ k”(k@) is pronounced as “ka” in
Kashmir. This notation is dedicated to Indian philosopher Kanada (kZAd) who introduced concepts of quanti-
zation of matter and fundamental particle in the 6th Century BCE in India[46]. Kana (kZ) means particle in
Sanskrit.
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It should be noted that this model has its own independent phenomenology which could be
explored at the LHC as well as in low energy flavour physics.
We discuss now a more powerful prediction of symmetries Z2 and Z ′2 along with a new
added symmetry Z ′′2 in our second model. It is natural to ask if a simultaneous explanation
could be obtained for observed pattern of charged fermions among the three families as well as
within the family. The price to pay is to add six real singlet scalar fields ki : (1, 1, 0) where
i = 1− 6 which have charges under discrete symmetries Z2, Z ′2 and Z ′′2 as given in Table 2.
We note again that symmetries Z2, Z ′2 and Z ′′2 forbid the Yukawa Lagrangian. Masses of
fermions are again recovered by dimension-5 operators. The mass Lagrangian now reads,
Lmass = 1
Λ
[
Γ1ψ¯1Lϕ˜uR k1 + Γ2ψ¯2Lϕ˜cR k3 + Γ3ψ¯3Lϕ˜tR k5 + Γ
′
1ψ¯
1
LϕdR k2 (3)
+ Γ′2ψ¯
2
LϕsR k4 + Γ
′
3ψ¯
3
LϕbR k6 + Γeψ¯1LϕeR k2 + Γµψ¯2LϕµR k4
+ Γτ ψ¯3LϕτR k6
]
+
c
Λ
l¯cLϕ˜
∗ϕ˜†lL + H.c..
Now, the whole observed mass pattern of charged fermions reveals itself aesthetically when
six real singlet scalar fields ki acquire VEVs in such a way that 〈 k2〉 > 〈 k1〉, 〈 k3〉 >> 〈 k4〉,
〈 k5〉 >> 〈 k6〉, 〈 k6〉 >> 〈 k4〉 >> 〈 k2〉, and 〈 k5〉 >> 〈 k3〉 >> 〈 k1〉. Thus, this VEVs
pattern explains why md > mu, mc >> ms, mt >> mb, mτ >> mµ >> me, mb >> ms >> md,
and mt >> mc >> mu. We observe that neutrino masses are generated by the Weinberg
operator which involves only the SM Higgs doublet field and can be recovered via celebrated
seesaw mechanism.
Fields Z2 Z ′2 Z ′′2
uR + + -
k1 + + -
dR, eR - - +
k2 - - +
cR + - -
k3 + - -
sR, µR + - +
k4 + - +
tR - + -
k5 - + -
bR, τR - + +
k6 - + +
Table 2: The charges of right-handed fermions of three families of the SM and singlet scalar
fields under Z2, Z ′2 and Z ′′2 symmetries. We show flavour of right-handed fermion by superscript.
4
2.1 Ultraviolet completion
A UV completion of models described in tables 1 and 2 can be achieved by introducing one
vector-like isosinglet up type quark, one vector-like isosinglet down type quark, and one isos-
inglet vector-like charged lepton. Their transformations under SU(3)c × SU(2)L × U(1)Y are
given by,
Q = UL,R : (3, 1,
4
3
), DL,R : (3, 1,−2
3
), L = EL,R : (1, 1,−2). (4)
The mass Lagrangian for vector-like fermions is given by,
LV = MU U¯LUR +MDD¯LDR +MEE¯LER + H.c.. (5)
The interactions of vector-like fermions with the SM fermions, for instance for quarks, are given
by,
L = Y1q¯1Lϕ˜UR + Y2q¯2Lϕ˜UR + Y3q¯3Lϕ˜UR (6)
+ Y ′1 q¯
1
LϕDR + Y
′
2 q¯
2
LϕDR + Y
′
3 q¯
3
LϕDR + H.c,
where qL is quark doublet of the SM and superscript shows the family number.
The Lagrangian having interactions of singlet-scalar fields with the right-handed SM fermions
can be written as,
L = C1U¯LuR k1 + C2U¯LcR k3 + C3U¯LtR k5 (7)
+ C ′1D¯LdR k2 + C ′2D¯LsR k4 + C ′3D¯LbR k6 + H.c.
We can write similar Lagrangians for leptons.
Now we discuss what could be the scale of new physics(NP) entering in Eqs.(2) and (3).
The LHC searches are indicating that the scale of vector-like fermions, which are NP in our
model, should be greater than 900GeV[47, 48]. If we naively assume that the lightest VEV v1
which couples to u quark is of the order of 900GeV, for which there is no reason to assume,
the contribution of NP to the mass Lagrangian in Eq.3 is expected to be very small. However,
there is also contribution to masses from Eqs.(5) to (7) within the renormalized theory. Such
contribution is nontrivial and recovers the physical mass as shown in Ref.[49] where tree-level
masses of light quarks are forbidden by a flavor symmetry.
We discuss now the diagonalization of mass matrices. The mass matrix for down type
quarks approximately reads,
MD =

Γd11vv2
2M
Γd12vv4
2M
Γd13vv6
2M
1√
2
vY d1
Γd21vv2
2M
Γd22vv4
2M
Γd23vv6
2M
1√
2
vY d2
Γd31vv2
2M
Γd32vv4
2M
Γd33vv6
2M
1√
2
vY d3
1√
2
v2C
d
1
1√
2
v4C
d
2
1√
2
v6C
d
3 MD

, (8)
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where M is the scale of vector-like fermion and VEVs of the scalar fields are,
〈ϕ〉 = 1√
2
(
0
v
)
, 〈 k2〉 = v2/
√
2, 〈 k4〉 = v4/
√
2, 〈 k6〉 = v6/
√
2, (9)
〈 k1〉 = v1/
√
2, 〈 k3〉 = v3/
√
2, 〈 k5〉 = v5/
√
2
We recast mass matrix given in Eq.(8) into the following form:
MD =
(
md p
X MD
)
, (10)
where md is the 3× 3 SM fermionic block, MD is 1× 1 diagonal block.
We first diagonalize mass matrix MD through bi-unitary transformation,
U †MDV =
(
m˜ 0
0 M˜
)
, (11)
where m˜ = diag(md,ms,mb) and M˜ = M is the mass of the vector-like quark D.
The matrix V diagonalizes M†DMD where V is given by,
V =
(
Kd R
S T
)
. (12)
Using this, we obtain following relations:
(m†dmd +X
†X)Kd + (m
†
dp+X
†MD)S = Kdm˜2, (13a)
(m†dmd +X
†X)R + (m†dp+X
†MD)T = RM˜2, (13b)
(p†md +M
†
DX)Kd + (p
†p+M †D1MD)S = Sm˜
2, (13c)
(p†md +M
†
DX)R + (p
†p+M †D1MD)T = TM˜
2. (13d)
From Eq.(13c), in the limit M˜2 >> m˜2 we obtain,
S ' −(p†p+M †DMD)−1(p†md +M †DX)Kd. (14)
From Eq.(13a), we get,
KdHeffK−1d = m˜2, (15)
where Hermitian squared matrix Heff is
Heff ' (m†dmd +X†X)− (m†dp+X†MD)(p†p+M †DMD)−1(p†md +M †DX). (16)
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2.2 Quark mixing and masses of fermions
The next challenge is to explain small quark-mixing along with the fermionic mass hierarchy
among and within the three families. This is again a formidable problem, and more difficult
than the problem of fermionic mass hierarchy among and within the three families. For this
purpose, the mass matrix for down type quarks approximately reads,
MD =

Γd11vv2
2M
Γd12vv4
2M
Γd13vv6
2M
Γd21vv2
2M
Γd22vv4
2M
Γd23vv6
2M
Γd31vv2
2M
Γd32vv4
2M
Γd33vv6
2M
 . (17)
This matrix can be diagonalized through bi-unitary transformation
U †DMDVD = diag(md,ms,mb). (18)
In the limit v, v2, v4 << v6,M , we obtain the following three mixing angles at leading order
which completely parametrize the matrix VD[50]:
tan θd12 ≈
v2
v4
Cd12, tan θ
d
23 ≈
v4
v6
Cd23, tan θ
d
13 ≈
v2
v6
Cd13. (19)
Similarly the matrix VU , in the limit v, v1, v3 << v5,M , can be derived for the mass matrix of
up-type quarks which is parametrized by the following three mixing angles:
tan θu12 ≈
v1
v3
Cu12, tan θ
u
23 ≈
v3
v5
Cu23, tan θ
u
13 ≈
v1
v5
Cu13. (20)
The Cabibbo-Kobayashi-Maskawa matrix is given by VCKM = V
†
UVD, and the three mixing
angles in the standard parameterization are,
sin θ12 ≈ v2
v4
Cd12, sin θ23 ≈
v4
v6
Cd23, sin θ13 ≈
v2
v6
Cd13. (21)
From the above results, it is remarkably obvious that we have obtained sin θ12 >> sin θ23 >>
sin θ13 in the limit v2 << v4 << v6.
The masses of quarks at leading order in the limit v, v1, v2, v3, v4, v6 << v5,M given by[50]
mu ≈ vv1
2M
yu, mc ≈ vv3
2M
yc, mt ≈ vv5
2M
yt, (22)
md ≈ vv2
2M
yd, ms ≈ vv4
2M
ys, mb ≈ vv6
2M
yb,
where we have assumed that couplings lie in the range 1 ≤ y < 4pi. Thus, we observe that the
VEVs of singlet scalar fields control everything from masses to mixing angles in this model.
For the sake of completeness, we present an example to show how well we can reproduce
fermionic masses. For this purpose, we choose M = 1TeV and the following values of the quark
masses at µ = mt(mt)[51]
mu = 1.22
+0.48
−0.40MeV, mc = 0.59± 0.08GeV, mt = 162.9± 2.8GeV, (23)
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md = 2.76
+1.19
−1.14MeV, ms = 52± 15MeV, mb = 2.75± 0.09GeV,
We obtain a good fit for the following values of the fermionic couplings and VEVs of singlet
scalar fields
v1 = 0.009GeV, v2 = 0.02GeV, v3 = 4.8GeV, (24)
v4 = 0.092GeV, v5 = 1.33TeV, v6 = 6GeV,
yu = 1, yd = 1, yc = 1, ys = 1, yt = 1, yb = 3.7.
Using the above values of the VEVs of the singlet scalar fields, we can compute the quark-
mixing angles. Assuming Cd12,23,13 = 1, we obtain,
sin θ12 ≈ 0.229, sin θ23 ≈ 0.042, sin θ13 ≈ 0.0033, (25)
which is in agreement with experimental data.
The masses of charged leptons now can be predicted using the values of the VEVs of singlet
scalar fields. The approximate numerical values of the couplings required are,
ye ≈ 0.2, yµ ≈ 9.3, yτ = 2.44, (26)
As commented earlier, the neutrino masses can be recovered through seesaw mechanism.
There are two ways to implement it. The first method is to use TeV scale seesaw mechanisms
discussed, for instance in Ref. [52]. The second solution may be to assume that new physics scale
entering in the Weinberg operator is different from that enters in the dimension-5 operators
used for charged fermion masses. The main aim of this work is to investigate the charged
fermion masses, and a detailed study of neutrino masses is beyond the scope of this paper.
2.3 Scalar potential
We discuss now the scalar potential in this model. The most general scalar sector allowed by
Z2, Z ′2 and Z ′′2 symmetries can be written as,
V = µϕ†ϕ+ λ(ϕ†ϕ)2 +
6∑
i=1
µi k2i + ϕ†ϕ
6∑
i=1
λi k2i +
6∑
ij
λij k2i k2j . (27)
The masses of physical scalars can be recovered from the mass matrix of the scalar sector
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which is given as,
M2 =

λ11v
2
1
2
λ12v1v2
2
λ14v1v4
2
λ13v1v3
2
λ16v1v6
2
λ1v1v
2
λ16v1v5
2
λ21v2v1
2
λ22v
2
2
2
λ24v2v4
2
λ23v2v3
2
λ26v2v6
2
λ2v2v
2
λ25v2v5
2
λ41v4v1
2
λ42v4v2
2
λ44v
2
4
2
λ43v4v3
2
λ46v4v6
2
λ4v4v
2
λ45v4v5
2
λ31v3v1
2
λ32v3v2
2
λ34v3v4
2
λ33v
2
3
2
λ36v3v6
2
λ3v3v
2
λ35v3v5
2
λ61v6v1
2
λ62v6v2
2
λ64v6v4
2
λ63v6v3
2
λ66v6v6
2
λ6v6v
2
λ65v6v5
2
λ1vv1
2
λ2vv2
2
λ4vv4
2
λ3vv3
2
λ6vv6
2
2λv2
λ5vv5
2
λ51v5v1
2
λ52v5v2
2
λ54v5v4
2
λ53v5v3
2
λ56v5v6
2
λ5v5v
2
λ55v
2
5
2

. (28)
Since v1,2,4 << v3,5,6, v, this matrix can be written in the following form:
M2 =
(
ml S
T
S MH
)
, (29)
where ml is the 3× 3 block and MH is 4× 4 diagonal block.
We block-diagonalize mass matrix M2 through orthogonal transformation,
W TM2W =
(
Mlight 0
0 Mheavy
)
. (30)
The approximate form of the matrix W is given by[53],
W =
(
1 B
−B† 1
)
, (31)
where B ≈ (1 + Z†Z)−1/2Z†, Z = M−1H S, Mlight ≈ ml − STM−1H S, and Mheavy = MH .
The leading contribution to mass square eigenvalues of the matrix Mlight ignoring the con-
tribution from the term STM−1H S is given by,
m2S1 ≈
v21(λ11(λ
2
24 − 4λ22λ44) + λ212λ44 − λ12λ14λ24 + λ214λ22)
2(λ224 − 4λ22λ44)
+O(v
3
1
v34
) (32)
m2S2 ≈
1
4
(
−
√
λ222v
4
2 + v
2
2v
2
4(λ
2
24 − 2λ22λ44) + λ244v44 + λ22v22 + λ44v24
)
+O(v
2
1
v24
)
m2S4 ≈
1
4
(√
λ222v
4
2 + v
2
2v
2
4(λ
2
24 − 2λ22λ44) + λ244v44 + λ22v22 + λ44v24
)
+O(v
2
1
v24
).
The matrix Mheavy can be further decomposed into two blocks of dimensions 2 × 2 by noting
v3,6 << v, v5. The leading contribution to mass square eigenvalues again is
m2S3 ≈
1
4
(
−
√
λ233v
4
3 + v
2
3v
2
6(λ
2
36 − 2λ33λ66) + λ266v46 + λ33v23 + λ66v26
)
(33)
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m2S6 ≈
1
4
(√
λ233v
4
3 + v
2
3v
2
6(λ
2
36 − 2λ33λ66) + λ266v46 + λ33v23 + λ66v26
)
m2H ≈
1
4
(
−
√
λ255v
4
5 + 4v
2v25(λ
2
5 − 2λλ55) + 16λ2v4 + λ55v25 + 4λv2
)
m2S5 ≈
1
4
(√
λ255v
4
5 + 4v
2v25(λ
2
5 − 2λλ55) + 16λ2v4 + λ55v25 + 4λv2
)
,
where mH is the SM like Higgs boson.
The potential contains many terms whose behaviour should be such that it remains con-
sistent with the hierarchies of VEVs. It needs a thorough numerical investigation which is a
subject of a future study. However, we can note from above results some main conditions which
should be obeyed to achieve positive and hierarchical mass square eigenvalues. These are,
λ224 − 4λ22λ44 > 0, λ236 − 2λ33λ66) > 0, λ25 − 2λλ55 > 0, λ55 > λ33,66 > λ22,44 > λ11, (34)
λ11(λ
2
24 − 4λ22λ44) + λ212λ44 + λ214λ22 > λ12λ14λ24.
We note that there are VEVs hierarchies in the model. Their protection against quantum
corrections can come from a larger underlying theory such as supersymmetry or a theory where
the scalar particles of the model are composite coming from a strongly interacting sector.
It is further noted that the model can predict five scalar particles lighter than the discovered
SM like Higgs boson. This is more elaborated in the next section.
3 Phenomenological consequences
We discuss now some immediate phenomenological implications. It is indeed interesting to note
that the CMS collaboration recently has reported an excess of events above the background
in the dimuon mass spectrum at 8 and 13 TeV corresponding to integrated luminosity of 19.7
and 35.9 fb−1, respectively[54]. The excess at 8 TeV is observed with a dimuon mass near 28
GeV in the central and the forward region corresponding to local significances of 4.2 and 2.9
standard deviations, respectively. The analysis at 13 TeV has a mild excess only in the central
region corresponding to a local significance of 2.0 standard deviations, while the forward region
has a deficit with a local significance of 1.4 standard deviations.
The CMS collaboration has concluded that the two-Higgs-doublet models and next-to-
minimal supersymmetric standard model (SM) cannot account for these excesses after including
theoretical and experimental constraints[54]. Furthermore, the CMS collaboration has con-
cluded that the 13 TeV data cannot nullify the excess observed at the 8 TeV due to the lack of
a realistic signal model.
It is remarkable that a quite similar excess around 30 GeV of dimuon mass, having a local
significance of 5 standard deviations, is also reported in the re-analysed data of the ALEPH
experiment at LEP[55]. This almost forgotten observation has phenomenal similarity with that
is observed by the CMS collaboration. For a clear and transparent picture, we show the CMS
and the ALEPH data in table 3.
Therefore, if the excesses observed in the CMS and ALEPH data are valid, without reserva-
tion, it is a challenge to propose their theoretical origin. We should note that two different and
10
Experiments Mass (GeV) Events Width (GeV)
CMS 28.40 ± 0.60 22.0 ± 7.6 1.9± 1.3
ALEPH 30.40 ± 0.46 32.31 ± 10.87 1.78 ± 1.14
Table 3
independent excesses from the CMS and the ALEPH data could be due to one scalar boson,
or they can originate from the two almost degenerate scalar bosons.
We note that the observed excesses at the CMS and the ALEPH experiments may corre-
spond to the scalar bosons either two of mS1 , mS2 and mS4 through the processes gg → H →
SiSi → b¯bµ+µ− where i = 1, 2, 4.
Furthermore, the CMS collaboration has also observed an excess of mass 95.3 GeV for a
low-mass scalar particles decaying to two photons in data samples corresponding to integrated
luminosity of 19.7 and 35.9 fb−1 for the centre-of-mass energies of 8 and 13 TeV, respectively[56].
The local significance of this excess is 2.8 standard deviations. It should be noted that the scalar
states mS3 or mS6 may account for this excess through the process gg → S3,6 → γγ.
4 An origin in a strongly interacting sector
The main criticism of this work is definitely the presence of six hierarchical VEVs corresponding
to the six singlet scalar fields. This is equivalent to replacing the hierarchy of the Yukawa
couplings by the hierarchy of the six VEVs corresponding to the six singlet scalar fields. We
note that it is not theoretically guaranteed that a law must exists to explain the hierarchy of
the Yukawa couplings. It could be that nature has chosen the hierarchical Yukawa couplings
to provide masses to fermions, and there exits nothing that can replace the smallness of these
Yukawa couplings. If this is so, a worth exploring and equivalent scenario is the hierarchy
of VEVs which originates from the dynamics, rather than the static hierarchy of the Yukawa
couplings. In this sprite, the model presented in this work should be considered.
Having said above, we argue that an underlying theory which could provide an explanation
for six singlet scalar fields and their hierarchical VEV pattern can originate from a strongly
interacting sector where the SM Higgs doublet and singlet scalar fields are bound states[57]-[62].
Such models are quite attractive since they can provide a solution of the hierarchy problem[60,
61, 62]. The present LHC status of these models is discussed in Ref. [63, 64].
Now we discuss a realization of such UV completions for the model presented in this work
at qualitative level. We assume a strongly-interacting sector which is conceptually identical to
QCD like confining theory. It is easy to discuss the fermionic masses in technicolour models[57,
58, 59]. The argument can be extended to composite Higgs models[60, 61, 62].
We consider extended technicolour models where we may have a full symmetry, for instance,
SU(3)c × SU(2)L × U(1)Y × SU(N)ETC × SU(N7)ETC × Z2 × Z ′2 × Z ′′2 . We note that ETC
stands for extended technicolor.
Now the extended technicolor symmetry is broken in six stages to technicolor symmetry in
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the following way:
SU(N7)ETC −→
µ6
SU(N6)ETC −→
µ5
SU(N5)ETC −→
µ4
SU(N4)ETC −→
µ3
SU(N3)ETC (35)
−→
µ2
SU(N2)ETC −→
µ1
SU(N1)TC,
where N7 > N6 > N5 > N4 > N3 > N2 > N1 and µi (i = 1 − 6) are breaking scales of
symmetries.
The masses of fermions are recovered through quark condensates which are formed by the
following fermions:
TL =
(
U
D
)
L
: (1, 2,
1
3
, N, 1), TR = UR : (1, 1,
4
3
, N, 1), DR : (1, 1,−2
3
, N, 1). (36)
Besides above for each SM quark, we add a vector-like quark such that we have the following
quarks:
Q = UL,R : (1, 1,
4
3
, 1, N1−7), DL,R : (1, 1,−2
3
, 1, N1−7). (37)
The typical form of new interactions involving SM and vector-like quarks can be written as,
Lstrong =
6∑
i=1
gETC
Λ
(
T¯LTR
)
µ2
(
Q¯LQR
)
µ2i
(
ψ¯LψR
)
, (38)
where ψ represents the SM fermions. gETC is the coupling constant of the extended technicolour
group.
After spontaneous breaking of the global symmetry of the strongly interacting sector by
new quarks condensate, i.e <
(
T¯LTR
)
>,<
(
Q¯LQR
)
>6= 0 , the masses of the SM fermions are
given by
miψ =
gETC
Λ
| < (T¯LTR) > |
µ2
| < (Q¯LQR) > |
µ2i
, (39)
where Q = U or D. We must note that the Yukawa-like effective couplings are forbidden by
already imposed three Z2 symmetries in table 2.
Thus, the hierarchies of the six singlet scalar VEVs can be explained through the operators
of the form
| < (Q¯LQR) > |
µ2i
= 〈 ki〉 where i = 1 − 6. We stress that the six singlet VEVS
depend on a factor of 1/µ2i . This is the reason that they are hierarchical. This argument can
also be extended to other popular composite Higgs models[60, 61, 62].
5 Discussion and conclusion
We conclude by summarizing what we have achieved in the extension of the SM presented in
this work. We have presented a selection rule which employs the dimension-5 operators to
12
generate masses of all fermions of the SM. This results an extension of the SM in fermionic and
scalar sectors. On the other side, symmetry is extended by discrete symmetries Z2, Z ′2 and Z ′′2
leading to two class of models. The dimension-5 operators may be UV completed by vector-like
fermions having interesting phenomenology scenarios[65]-[73]. This model allows us to explain
simultaneously fermionic mass hierarchy among and within the three families, quark-mixing.
One of the main features of this work could be prediction of light scalars which can be probed
by the LHC. We wish to do a thorough phenomenological investigation of this model in future.
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